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Abstract

Gravity datawere used in tis studyto establisha 3D structure of northern
Israel andts surroundingsThe gavity dataetincludes the rational gravity database
andapproximately 1400 new gravity points measured during in the Lower
Galilee, the Golan Heights, and nomiiktern Samaria. These data wemsed to
compilea new Bouguer gravity anomaly map tbe study areaA previous model
depicting thedeepstructureof the Levant and southeastern Mediterran@#@egrates
available geophysical and geological datdhoéeinterfaces:(a) elevation; (bjop of
the basement; ant) the Moho boundary The presentmodel focuses omorthern
Israel andits surroundings and includes the followindayers (a) Cenozoic and
Senonian sedimentgb) Quaternary and Pliocene volcani€s) Miocene volcanics
(d) preSenonian sedimentqe) upper crust (f) lower crust and (g) the upper
lithospheric mantleWe calculated thergvity effect ofthe modelusing stateof-the-
art Geosoft softwaregnabing 3D modelingand lateral/ vertical desity variations
The modelgeometryandits spatialdensity distributionrwere modifiediterativelyin

order to fitthe calculated gravity fieldo the observe@Bouguer)gravity field.
1 Introduction

In this repot we present a regionatale ® layered stucturedensity model
of northern Israel ands surroundings. Theleep structure of the Levant and the
southeastern Mediterranean lithospheric plattisced manyresearchers whased
different geophysical methodSegev et al(2006 presented structural maps of three
principal interfaceselevation, topof the basement and the MoHmoundaryfor the
relatively large area shown iRigure 1. Their structural maps were based @&n

compilation of previous studies:

1 Seismic studies(Ginzburg et al., 1979aGinzburg et al., 1979bGinzburg and
Folkman, 1980El-Isa et al., 198/BenAvraham et al., 2002

1 Teleseismic observations and tomograpHgfstetter et al., 20Q(Hofstetter and
Bock, 2003

1 Compilation of geological and geophysical d&fahen, 1988Seber et al., 1997
Hirsch et al., 2002Rybakov and Segev, 2008leischer and Gafsou, 2005
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Figure 1 Location map of the Levant and eastern Mediterraneanrécheectangle delineates thiidy
area of this workwhile theyellow rectangle delineates tihelatively large area studied by Segev et al.
(2009. CGF- CarmelGilboa / CarmekFaria fault system.

Later Segev and Rybakof2011) and Segev et al(2011;, 2014 updated their
structural mapof the top basemerand constructed aadditional map fothe top of
the JudeaGroupin accordwith studes by Gardosh and Druckmg2006, Schattner
et al.(2009, Meiler et al.(2008, Abelson et al(2009, andMeiler et al.(2017).

In this study we focued on northern Israel ands surroundingsa relatively
small area (sekigurel for locatbn). We refinedhe structural maps ofegev et al.
(2006 2011, 2014) andconstructed additional maps for volcanic units #relConrad
boundarybetweenthe lower andthe upper crust. Thestructural map anddensity
distribution of the model layers were constructed using direavity modding and
additionalstudieg(Shaliv, 1991 Shaliv, 2000 Kazmin, 200%Razvalyaev et al., 2005
Meiler, 201). Geologicalmapsin the sudy area(Ponikarov and Comgels, 1964
Bender and Compilers, 1968neh et al., 1998&vere used to constrain theodel



A detailed description of the methaddavailable geologicaand geophysical
observationsare discussed in the next sectidfurther onwe present results of the
forward gravity modeling using Geosoft, leading to the final density distribution of
the model layers providing the bestditthe calculatedgravity field to theobserved
gravity field.

2 Methods and data

Commonlyused geophysical methods for studying the deep structure are:
seismic refraction and reflectipteleseismic observationeomographyand potential
fields (gravity and magnetic surveys). Amongesh methods only seismic
tomography and gtential fieldsfully providea 3D structure wheeasother methods
only enableconstructing the structure along a profifgplying the gravity method
for 3D studesof a relatively broad area such as northerrelsaadits surroundingss
widely accepted Observed gravity anomalies represent spatial density variations
related to structural featurd3asedon thesevariations, the gravity method is applied
for locating geological structures and interpreting theptl.Using gravity data often
involves a problem of nonuniqueness, which means that multiple theoretical
solutions are possible during the interpretation process. We handled this problem by

integrating various geophysical and geological data and useng dls constrais.
2.1 Modeling of the gravity field

Previous studies presented 2D density models, mostly along seismic profiles.
2D gravity modeling ignores effects generated by objects in proximity to the profile,
unless the profile crossthese objects. @soft software ww.geosoft.corpenables
modeling in 3D- an important step forward in gravity data interpretatiomhich
enables connecting between different cross sections and accounting for the lateral

density variationn every direction.

The 3D model consistef a set of structural maps definirtige interfaces
between the model layers with given density distributieach layer is ascribeda
different density either constant along the layer or viagylateraly, vertically or in
both directionsDirect forward calculatiors of the gravity field vereperformed using

the GM SYS 3D module of Geosoft software, and compared with the observed
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gravity map.The structural maps and layer densities were modified in order to

minimize the difference between the calculated and observed gravity fields.

To extract the response of the abgeology various factorsaffeding the
measured gravity fieldre removed by a series of correctioifier these corrections,
the gravity field is represented by eitliee free-air anomaly othe Bouguer anomaly.
Since he freeair anomalyincludes tle gravity effect of any mass above sea lewel
often showsa strong correlation withhe topography.In order toexclude this effect
we used the Bouguer anomaly, which betédlects density variations associated with
the deep geological structur€he calculations were performed using a background
density of 2.67 gr/cfhin order to makehe calculated gravity field comparable to the
observed Bouguer gravity field.

2.2 Gravity observations and processing

Previous gravity stations (see Figure 2 for coveragp) were adopted from
the national gravity database, compiled by Rybakov e{18R7, ten Brink et al.
(1999, and Rybakv and AlZoubi (2009. The compilation includes data from
onshore IsraglGinzburg et al., 1993the Sea of GalileéBen-Avraham et al., 1996
the Jordanian gravity netwolfen Brink et al., 1999 and offshore Israednd Syria
(Rybakov and AlZoubi, 2005. Somegapsin the previousdata(Figure 2 blue dotg
can be seen ithe Lower Galilee, Gan Heights, and Samaria regions (Figure 2).
Approximately 1400 new gravity stations were measured during-2009 in order
to fill these gaps (Figure, Ped dot$. The new gravity statiospacingn these areas
0.52 km, which significantly improveshe resolution of the Bouguer anomaly map
up to 08 mGal accuracyBielik et al., 2013 We measured the new gravity data
using a ScintrexAutoGrav CG3M of 0.005 mGal reading resolution, automatically
corrected i the instrument for tidal variations. Eigékisting and new gravity base
stationswere used during the survey fanstrument drift correction Positions were
obtainedusing TopCon GPS RTK (Redime Kinematic) and ASHTECH GPS
instruments. The measuredagity data were processed using Geosoft softvi@re
corrections in the following order (Nettleton, 197} drift correction, latitude
correction,freearr (elevation) correction, Bouguer correction andd&grrcorrection.

Latitude correction was calculated according to the 1967 Geodetic Reference System



formula. Datasets of Digital Elevation Model (DEM) by H&11993, ASTER GDEM

V2 (Tachikawa et al., 20)Jand BENTAL (National Topogrdpc Database) of the
Survey of Israel were used féreeair, Bouguer and terrain correctionBouguer
correction was calculated usirgdensity of 2.67 gr/cth(Rybakov et al., 1995
Terrain correction was performed using the "TERRAIN" Fortran code developed by
Rybakov et al(2010, which was also used for replacitige elevation component of
each station by a corpgending value from the DEM datasets in order to retain
consistencyThe processed gravity data were integrated with the previous gravity data
and gridded inl km’cell sizeusing the Minimum Curvature interpolation method to

produce thdouguer anomaly maf-igure3).
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Figure 2 Coverage map of new (red dots) and previous (blue dots) gravity stations in the study area.
Previous stations are after the national gravity database, confpitediifferent source¢Ginzburg et

al., 1993 BenAvraham et al., 1996Rybakov et al., 1997en Brink et al., 1999Rybakov and Al
Zoubi, 2005. New stations were collected during 268®13 (see text for details).
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Figure 3 Bouguer gravity anomaly map of northern Israel @adurroundings, contoured at 10 mGal
intervals. This map was used as the observed gravity field in the modeling process. Location of the

cross section in Figure 17 is shown.
2.3 Geological and geophysal data
2.3.1 Available structural and geological maps

The deep3D mode] with its base in the upper lithospheric mantle (70 km

depth) includes the following interfaces:

Topographyandbathymetry

Top and base of Quaternary and Pliocene volcanics (Bashan/Govep Basalt)
Top and base of Miocene volcanics (Intermediate Basalt/Lower Basalt)
Top Judea Group

Top basement

The Conrad boundary (lower/upper crust transition)

=4 =2 =4 A4 -4 A -

The Moho boundary

For the Moho interface~gure4), we used the map compiled by Segevlet a



(2006 based on variouworksin the study areéGinzburg and Folkman, 1988eber
etal., 1997 Hofstetter et al., 200Ben-Avraham et al., 2002Hofstetter and Bock,
2004). Overlying the mantlethe crystalline crustal layer betwe#re Moho andthe
top basement is divided into two separate ubédsed on their density differences
upper and lower crust. The interface between these units, i@temed toas the
Conrad baondary, distinguishes between these two crustal ubhiskng direct
constrairs, we definel a 10 kmuniform thickness of the lower crudthe thicknessof

the upper crust varies according to the depth of the top basement, delimiting it from

above.
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Figure 4 Moho boundary contoured at 1000 m intervals, as compiled by Sege 202G based on
the works of Ginzburg and Folkm#&h980), Seber et al1997), Hofstetter et al(2000, BenAvraham
et al.(2002 and Hofstetter and BodR004).

The top basement magpfter Rybakov and Sege{2004 was composed by
integrating several source¥his map wadater modified (Segev et al., 20)1by
significanty deepening théop basement offshore Israel aftéardosh and Druckman
(20006, attribuing an additional ~3 km to the Levant basin fiRigure 5). In this
study we use additional data by Kazmin (2005, providing constraits for



southwestern Syrial'’he top basement structural map was modified during this study
to provide a good fiof the calculatedgravity field to the observed gravity field
resulting inthe final map presented in the next sectidrsimilar process waapplied
for the preliminary top Judea mégfter Segev et al., 2014; Figurg @hich wasalso

modified in the course of this stulsee next section).

Figure 5 Preliminary structural map of the top basement contoured at 1000 m intervals, as compiled by
Segev et al(2011) and O. Maimon (pers. comm2013) based on the works of Rybakov and Segev
(20049 and Gardosh and Druckmg&?006. This map was tested in the gravity model and modified as
part of this study to provide a good dit the calculated gravity field to the observed gravity figee

Figure 11for final map.

Isopach maps of two volcanic units, Quaternary and Pliogelzanics, and
Miocene volcanics, were constructed for the first timfer northern Israel andts
surroundingsBoth mapsare based mainly on boreholes, wells and surface geology
data, partially interpreted by Shal{#991 2000. Additionally, the works of Meiler
(2011 and Razvalyaev et al(2005 were used to compile the isopach map of the
Quaternary and Pliocene volcaniddirect information on the sedimentary and

volcanic successionsn the study area isaken fromgeological maps ofiorthern











































































